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810a Wednesday, February 19, 2014calculator in the context of nanopore sequencing where DNA is drawn through
a MspA pore protein.
Kraskov, A., Sto¨gbauer, H., & Grassberger, P. (2004). Estimating mutual infor-
mation. Physical Review E, 69(6), 066138.
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Real Valued Sequence Alignment using Adapted Smith Waterman
Algorithms
Henry Brinkerhoff, Brian Ross, Ian M. Derrington, Andrew H. Laszlo,
Jens H. Gundlach.
Physics, University of Washington, Seattle, WA, USA.
Smith-Waterman is a dynamic programming algorithm that locally aligns
sequences of discrete values by rewarding matched elements and penalizing
mismatched elements. We present an adapted algorithm that aligns sequences
of real-valued vectors, applied in our case to the output of nanopore DNA
sequencing experiments using MspA. We choose each step of the algorithm
to correspond to a driving behavior, such as a polymerase’s synthesis and
proofreading, and each penalty to be the logarithm of the probability that the
step occurs. This allows us to interpret the total score of an alignment as its
probability of being the true alignment. Given a known sequence but unknown
kinetics, optimizing the score with respect to the penalties will set the penalties
to the probabilistic values. This is a useful source of information about molec-
ular motor kinetics. The algorithm’s modularity and direct relation to physical
behavior make it potentially useful for any physical probes of discrete time
series. This work was supported by NIH/NHGRI grant R01HG005115 and
R01HG006321.
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Since the DNAMolecule Returns from the Transcriptional Process Exactly
as it was before the Process, the DNA/Protein Production Can Be Seen as
a Series of Eigenvalue Problems
Svetlana Aroutiounian.
Bennett College, Greensboro, NC, USA.
Sequence of operators acts on the linear DNA-eigenfunction and gradually
transforms it into the 3D protein-eigenvalue. The eigenvalue equation for the
DNA/Protein production is Protein (DNA) = RxMxSxTxUtw (DNA).
The operation of splicing of an exon (S) is studied in the presented work:
mRNA = S (preRNA). Here preRNA = TxUtw (DNA).
For illustration, the human beta globin gene cluster located on chromosome 11
is applied. The b- and d-globin genes are expressed during adult life. The ε- and
g-globins are expressed in early embryonic and fetal erythroid tissues. The rela-
tive positions of the nucleic acid content centers for each globin gene before
and after the splicing determine the initial and final 4x4 matrices. The eigen-
value equation of the preRNA/ mRNA transformation is:
| g u a c|///|g c a u|
| c g a u| = S x |g c u a|
| c a g u|///|c g a u|
| g a c u|///|c g u a|
By solving this equation one finds the matrix operator of exon splicing, S =
| u g c a|
| a a u u|
| g u a c|
| c c g g|
Is the process of exon splicing a simple removal of the mass? Is it rather a
selective removal of specific nucleic acids? The latter changes the flexibility
and the strength of the polypeptide chain, and is driven by electrostatic interac-
tions. The former is an important component in defining the final structures and
the spatial stability of the protein.
Biosensors II
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From One, Many: Modified Fluorogens Interact with a Fluorogen Acti-
vating Protein for Multicolor Cell Labeling
Jianjun He1, Christopher Pratt2, Marcel P. Bruchez1,2.
1Chemistry, Carnegie Mellon University, Pittsburgh, PA, USA, 2Biology,
Carnegie Mellon University, Pittsburgh, PA, USA.
Genetically targeted fluorescent labeling of proteins in living cells has enabled
a wide range of biophysical and cell-biological studies. Fluorogen activating
proteins (FAPs) increase the fluorescence of otherwise dark dyes (fluorogens)
thousands-fold upon binding and represent a new class of fluorescent sensors
with context-specific activation. These sensors have been applied for selective
detection of the cell-surface pool of proteins,detection of surface protein pH,
kinetic analysis of beta 2-adrenergic receptor (b2AR) internalization and other
assays[1,2,3]. The malachite green (MG)-dL5 pair posesses high affinity, resis-tance to photobleaching and high brightness. We modified the core structure of
the MG chromophore while maintaining the binding ability with dl5 to achieve
a series of MG analogs with distinct spectral properties, in both cell-permeant
and cell-excluded form (Figure 1).
These dyes enable simultaneous label-
ing of the surface and intracellular
pools with distinct colors in living
cells, and provide a real-time readout
of biosynthetic trafficking to the cell
surface.
Reference:
1: Szent-Gyorgyi C et al. Nat Bio-
technol 2008.
2: Grover A et al. Angew. Chem. Int.
Ed. 2012.
3: Fisher GW et al. J Biomol Screening
2010.4090-Pos Board B818
Mute-Kars: Silent Kinase Activity Reporters Useful for Co-Imaging
Gary Mo, Jin Zhang.
Pharmacology, Johns Hopkins University School of Medicine, Baltimore,
MD, USA.
Contemporary kinase activity reporters are sensitive molecular tools that
unfortunately occupy a large portion of the visible spectrum. This precludes
their simultaneous use with many subcellular translocation markers or single-
color biosensors. We present a new, generalizable design of kinase reporters
that permits co-imaging with a single-color biosensor of overlapping emis-
sion spectrum. We demonstrate the ability to monitor PKA and calcium
signaling simultaneously using only two color channels. This work promotes
multi-parameter imaging, which has become useful in many cell-signaling
investigations.
4091-Pos Board B819
Designing a Thermostable Switch-Based Biosensor
Teraya Donaldson, Jonathan D. Dattelbaum.
Dept. of Chemistry and Biochemistry, University of Richmond, Richmond,
VA, USA.
There is a critical need for developing new diagnostic chemical reporter tools
that are stable, cost effective, and capable of sensitive detection. Fluorescent
protein biosensors relay changes in fluorescence based on the physical interac-
tion between a protein and the ligand. The thermostable arginine binding
protein (ArgBP) from the Gram-negative, hyperthermophilic bacterium, Ther-
motoga maritima, has been modified to create a reagentless fluorescent
biosensor. Typically, single Cys mutants are constructed and covalently modi-
fied with environmentally-sensitive fluorescent probes. However, no theoret-
ical framework exists to accurately model placement of the probe to the
protein sensor. In this work, site-directed mutations were engineered whereby
a significant fluorescence quenching (>80%) is observed based on a photo-
induced electron transfer (PET) mechanism, which occurs after TmArgBP
binds with increasing concentrations of arginine. This method gave signifi-
cantly better fluorescence response to arginine and responded in a predictable
distance-dependent manner when compared with construction of single Cys
mutants of TmArgBP. Using the PET method, a dissociation constant of 0.86
microMolar was determined to be consistent with previously published data
for this protein. Time-resolved fluorescence lifetime measurements indicated
that fluorescence deactivation of the TmArgBP biosensor is a result of static
quenching, which is consistent with the formation of ground state complexes
between the fluorescent probe and an internal quencher. In addition to the
development of a thermostable fluorescent protein sensor, this investigation
provides a generalizable spectroscopic tool for the study of conformational
movements within a single polypeptide chain.
4092-Pos Board B820
The Two-Photon Bazooka: A New Way of Optically Screening Randomly
Mutagenized Libraries of Fluorescent Proteins
Lauren M. Barnett1, Caleb Stoltzfus2, Geoffrey Wicks2,
Mikhail Drobizhev2, Alexandr Mikhailov2, Aleksander Rebane2,
Thomas E. Hughes1.
1Cell Biology and Neuroscience, Montana State University, Bozeman, MT,
USA, 2Physics, Montana State University, Bozeman, MT, USA.
Two-photon (2P) microscopy is the preferred method for imaging fluorescent
proteins and biosensors in living, thick tissues. Over the past decade, many
groups have worked to improve single photon (1P) properties of fluorescent
proteins, but little has been done to improve their 2P properties. This is impor-
tant because 2P properties can be quite different from the 1P properties. Our
Wednesday, February 19, 2014 811agoal was to create a system for screening libraries of randomly mutagenized
fluorescent proteins for better 2P properties. We created an optical system
for collecting 1- and 2-photon induced fluorescence images from entire petri
dishes of E. coli colonies. Libraries of randomly mutagenized eGFP were
screened for improved 2P/1P fluorescence ratios. Screening the first round of
evolution showed a slightly larger ratio spread outside the range of parent
eGFP. One hundred of these clones were subjected to a second round of
screening. Colonies that showed reproducible 2P/1P ratios greater than the
parent eGFP were selected to move forward. A selective pool of the best
18 clones (library A), and a more inclusive pool of the best 59 clones
(library B), were used for a new round of gene shuffling and random mutagen-
esis. After only two rounds of evolution, libraries A and B contained at least
5 distinct mutant populations with significantly increased 2P/1P ratios.
Sequence analysis of 96 clones from these libraries revealed that every clone
harbored at least one mutation. Eleven unique mutants were used for a third
round of evolution. Screening and sequence analysis of the third library, reveals
thirteen mutations that either individually (V68M, S72G, V163A, T203I) or in
combination (E6G, T65S, Q80R, N105S, D117G, N121S, Q184R, S202N,
V219I) significantly shift the 2P/1P fluorescence ratios.
4093-Pos Board B821
Modular Design of a Tandem Dye Tunes the Photophysical Properties of a
Biosensor
Matharishwan Naganbabu1, Saumya Saurabh1, Marcel Bruchez2.
1Department of Chemistry, Carnegie Mellon University, Pittsburgh, PA,
USA, 2Department of Chemistry, Biological Sciences, Molecular Biosensors
and Imaging Centre, Carnegie Mellon University, Pittsburgh, PA, USA.
Fluorogen Activating Peptides (FAPs) are protein reporters which activate the
fluorescence of a non-covalently bound dark molecule (fluorogen). Light-
harvesting dendrimers consisting of multiple chromophores have been built
to improve the brightness of a biosensor. The multiple donor dyes transfer
energy to the lone acceptor, thus increasing the brightness of the biosensor.
Although bright, these light harvesting structures (dyedrons) displayed reduced
association constants with the cognate protein, and reduced photostability of
the fluorogen-FAP complex. To understand and potentially overcome these
limitations, we have synthesized Cy3-Malachite Green based donor-acceptor
structures with linker lengths from 10 to 30 atoms and found that longer linker
lengths correspond to reduced quantum yield, but not reduced energy transfer
efficiency, and that this arises from protein-dye changes that are slow relative to
protein-dye association. Ensemble and single molecule level investigation of
triplet state quenchers (TSQs) covalently linked to the fluorogen and the tan-
dem dyes provide deeper insights into the development of bright, photostable
probes for imaging applications.
Micro- and Nanotechnology III
4094-Pos Board B822
Chemical Cell to Cell Communication on Biomineralized Nanopore Sub-
strates for Single Cell Analysis
Abhishek J. Dharan1, Kai-Chun Lin2, Patti Senechal-Willis3,
Laimonas Kelbauskas3, Deirdre Meldrum1, Michael Goryll2.
1Electrical Engineering, Biodesign Institute, Arizona State University,
Tempe, AZ, USA, 2Electrical Engineering, Arizona State University, Tempe,
AZ, USA, 3Biodesign Institute, Arizona State University, Tempe, AZ, USA.
A method for chemically stimulating selected cells and observing cell to cell
chemical communication on a biomineralized nanopore substrate provides an
enabling tool for researchers studying diseases at the single cell level to better
understand interactions between cells. By developing a method to analyze
chemical communication between cells at the single cell level rather than deter-
mining behavior of large cultures, researchers can accurately pinpoint the
responses cells have to various chemical stimuli. The biggest challenge in
developing a method for observing intercellular chemical communication is
determining the optimal methods for collecting quality data on living cells as
they interact with one another.
The goal of this research project is to determine how cells can grow on bio-
mineralized nanopore substrates that are mounted on silicon micropore chips,
allowing selected cells to be chemically stimulated so that cell to cell chemical
communication can be observed.
Results will be shown on the fabrication of biomineralized nanopore substrates
and on the testing of various cellular growth factors to determine the ideal con-
ditions for cell growth on the biomineralized nanopore substrates. Several
different characterization methods will be employed, ranging frommicroscopic
observation to optical assays like fluorescence spectroscopy of chemically
stimulated cells. Results will be analyzed using statistical methods used in pre-
viously published studies looking at cell viability on substrates.4095-Pos Board B823
High-Throughput Screening of T Cell Cytotoxic Events by Biomass
Profiling
Thomas A. Zangle, Daina Burnes, Colleen Mathis, Owen N. Witte,
Michael A. Teitell.
UCLA, Los Angeles, CA, USA.
Adoptive immunotherapies against cancer, in which cytotoxic, CD8þ T cells
engineered to express T cell receptors (TCRs) targeting cancer-associated
antigens are transplanted into a patient, have shown dramatic promise in clin-
ical trials. A major impediment to the widespread use of this technique for treat-
ment of diverse cancers is the lack of a fast approach for the identification of
TCRs from patient samples. In this talk, we present a method for high-
throughput screening of T cell/target cell interactions by measurements of
cell biomass. This live cell approach is label-free and allows cells to be recov-
ered for downstream analysis. To ensure specificity, three parameters are
tracked: target cell appearance, target cell mass loss during cell death, and
T cell mass during and after the cytotoxic event (Figure panels a-c). Our results
demonstrate, for the first time, the
kinetics of T cell mass increase during
activation. Finally, we will present an
extension of this method to a micro-
fabricated microwell format for the
screening of patient samples and discov-
ery of novel TCRs.4096-Pos Board B824
Parallel Magnetic Tweezers for Pulling CNS Axons Towards a Source of
Repellent Factors
Gil Lee, Devrim Kilinc, Agata Blasiak.
School of Chemistry and Chemical Biology, University College Dublin,
Dublin, Ireland.
Regeneration of central nervous system (CNS) axons into hostile environments
such as the glial scar that forms after the spinal cord injury is a crucial medical
problem. Successful therapies will combine pharmaceutical interventions with
physical techniques that control the mechanical environment along the axon
path. Axon growth cones are highly motile regions that constantly probe the
surrounding tissue and integrate external chemotactic stimuli into motility de-
cisions such as elongation, retraction or turning. While a range of chemical
guidance molecules and subsequent signaling pathways are well established,
the effect of mechanics on axon elongation is largely unknown. We describe
a novel in vitro system that enables direct force application to large
number of CNS growth cones that are fluidically isolated from their cell
bodies and exposed to controlled gradients of diffusing guidance cues. Growth
cones were preferentially targeted by anti-neuronal cell adhesion molecule
(NCAM) magnetic particles. Particles exhibited low non-specific interaction
with axon shafts and resulting in a massively parallel magnetic tweezers
platform. Results suggested that pulling with <10pN force can occasionally
accelerate axon growth only if rho-associated protein kinase (ROCK) is
inhibited. We show that up to 30pN force can be applied to a single magnetic
particle. In separate experiments, a transient gradient of the repulsive guidance
molecule Semaphorin 3A was formed in the axonal compartment. Our results
suggest that developing CNS axons are not slowed down but deviated away
from the source in a dose-dependent manner. This deviation was blocked by
inhibiting ROCK or Calpain suggesting a multiplexed control over the growth
cone cytoskeleton. Our current work aims to dissect the roles of Rho and
Calpain pathways in the motility of growth cones, which are pulled towards
a source of Sema3A.
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Biological Compatibility of Electromanipulation Media
Anthony J. Asmar1,2, Ahmet C. Sabuncu3,4, Mark A. Levenstein1,5,
Michael W. Stacey1, Ali Beskok6.
1Frank Reidy Research Center for Bioelectrics, Old Dominion University,
Norfolk, VA, USA, 2Biological Sciences Department, Old Dominion
University, Norfolk, VA, USA, 3Mechanical Engineering, Istanbul Technical
University, Istanbul, Turkey, 4Institute of Micro&Nanotechnology, Old
Dominion University, Norfolk, VA, USA, 5Mechanical and Aerospace
Engineering, Old Dominion University, Norfolk, VA, USA, 6Mechanical
Engineering, Southern Methodist University, Dallas, VA, USA.
Electromanipulation of cells, which includes dielectrophoresis, electrorotation,
and electrophoresis, as a label free cell manipulation and characterization tool
has gained particular interest recently. However, the applicability of electroma-
nipulation to biological cells is limited to cells suspended in special types of
media containing lower amounts of salts in comparison to physiological
buffers. Impedance measurements of cells are often performed in low conduc-
tive buffers, mainly due to parasitic capacitance that occurs at the electrode
